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_ollowln C !s the translation of an article by

J.E. D!amont In Co___otes rendus des &eances de
!TAcadem!e des Sciences _Reports Presented at

_i_,_ Sessions of_Yhe Academy of Sciences), Vol

250, Paris, 18 January 1960, pages 667-569

From the optical point of view, the principal

characteristic of sodium clouds describe@ in a previous
atric!e (see J. E. B!amont, Comotes rendus, Vo! 249,

1959, page 1248) is that they a_re--the site of an

important multiple diffusion: the light emitted by tb_

cloud is not constituted s_lely of resonance photons
emitted by the sodium atoms after their excitation by

the individual pencils of solar light, but , since the

optical density kl of the cloud is hIch_ a resonance
photon is absorbed and reemitted several times hy the
a¢oms of the cloud before it reaches the observer. Tb_

properties of the lisht emitted (width of the ray, the

ratio D2/D!, polarization) are modified in comparison

with what they would be in the absenccof multiple diffu-

sion. If a theoretical model is used, the measurement

of this modification permits the measurement kl, i.e.

the concentration of sodium atoms at each point at each
instant.

In our theoretical model which will be published

in detail (C. Cohen-TannoudJi (in press)), the cloud

resembles a lon_ prism with square base, normally

illumlna_e_ at one of its faces by a oencii_ of inte.._:_ty_"

-.r the _m_o__ for both itn_s D, and containing N_ sodium
_.oms per cubic centimeter. The transfer of radiation

in this volume is described by an equation in partial

derivatives obtained as a genGra!ization of _,_ilne's
theory. The solution, for conditions with limits



appropri.f_te to the prob_m, furnishes _2- , the number of
excited soclium atoms per cubic centimeter at every point

of the volume, in analytic form.

I. The ratio of intensity D2/Dio Figure i

shows a curve, obtaincd in accordance with this model,

which gives the variation of the ratio D2/DI, as a function

of kl, in _he light observed at an angle of 45 ° from t]_e

direction _ o:.:ci_ion. It can be seen e_ it sees

from 2 to ! when kl varies from zero to infinity.

We measured this ratio in the two clouds with a

Fabry-Perot interferometer (diameter, V cm; separation,
I _z calculated for antl-coincldence of the two systems

of rings D 7 and D_, o!aced behind an afocal te!escooe
with an en±arglng power of 7)_ For example, seven
measurements were obtained from the first cloud; the ratio

moves from i. I0 (5 minutes after the start of ejection;
altitude 115 km) to 1.40 (25 minutes after the start;

altitude 105 ]cm) showlnc, according to figure Ib, that
kl varies from 30 to 5.

2. Width of the llne. The method consists of

measur_n _ the absorotion of light from the cloud by sodium

vapor (see J. ,_ricard and A. Kastler, An. qeophys., Voi i,
!9_4, pa_e 53) by takin S three photosraphs of t_e cloud

through _hreu containers with oarallel faces, the first
empty, the second and third fille_ with soS!um vapor at
1_7 and 200 ° C (null, partial and total absorption). The

absorption deoends only on the width of the striking line

and this permits the detePminat!on of the latter.

in orinclole, the width of an ootical resonance

!the depends only on the Doppler effect. The measurements
of d_ffuslon previously presented (see J. E. Rlamont,

Comctes ren_us, Vol 249, 1959, page 1248) show that t_rmal

__-librium is rapidly attained in the cloud and that
_he measurement of the width of the line from the cloud

shou!@ permit the measurement of temperature at high alti-
tudes.

in fact, the line is widened in the cloud by

_ .,,u!t_ple dlffuslon_ which isa_:to-absorotion, due to the _ '
much more intense at the center of the Dooo!er line than

at the sides. We have calculate@ an approximation for

t._e_ widening (ratio of the visible width to the Doppler

width) as a function of kl (fig. Ib).
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Very _a_,,j measurements of absorotion, have been
obtained. The o!ates of figure 2 present two examples

of absorption from an experiment of I0 _arch 1959: one

e;:amp!e, two minutes after the start of ejection (weak

absorption even in the hottest container, wide line);

the seceded example at the end (total absorption in the
hottest container, narrower line). Figure 3 represents
the deve!ooment of the factor of reduction by absorption

as a function of time a_ an altitude z - i13 km. One

sees that the width diminishes with time because of tb_

disappearance of the sodium and tends to a I t_m_t

corresponding to the Doppler width. The width does not

reach this l£mlt and it is therefore not possible to

determine the temperature from it. Other analogous
curves have been obtained for different altitudes.

The imorec£s!on of the measurements is due to the

difficulty of making photometric measurements on film.

_he width of the emission lines is exactly that

which our model anticipated for the ki values derived

from the measurements of the ratio D2/D 1. Our measure-

ments make multiple diffusion evident, prove the value

of our theoretical model, permit the determination of
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the number of sodi_m atoms per cubic centimeter and

show that the determination of temperatuDaat high

altitude is possible by the method of absorption

provided that a quantity of sodium te_% times smaller
than in the courssof our experiments (4 k Z) is

projected.

Sodium Cloud

Partially Not Totally
absorbed absorbed absorbed

Ji

Fig. 2.

A detailed study of the results will be published
in the future.
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